Abstract
Introduction 37
Nowadays, wastewater reclamation is one of the tools available to better manage the water 
50
It is important to underline that recently, three macrolide antibiotics widely used in human bleaching wastewater at bench scale was performed. 19 The results showed that the 89 environmental impacts of all the studied AOPs were caused mainly by the amount of 90 electricity consumed, whereas the impact of producing the chemical reagents and catalysts 91 was comparatively low. As a consequence, the alternative scenario of using solar energy as a 92 light source for these processes, was found to be able to reduce drastically the environmental
93
impacts of all the AOPs tested (more than 90%). The energy consumption was also found to water, was carried out by Muñoz et al. 23 It was found that the overall environmental impacts examined. 25 From an ecotoxicity perspective, wastewater reuse after applying ozonation 111 and/or ozonation + H2O2 treatment appears to be the best option. Moreover, Meneses et al.
112
applied an LCA to evaluate the environmental impacts of different disinfection processes (i.e.
113
chlorination + UV treatment, ozonation, and ozonation + H2O2) for the treatment of urban 114 wastewater at pilot scale. 21 
System boundaries

234
As shown in Figure 1 , the system boundaries (dotted lines in Figure 1) for the specific route, which was not desirable in the present case study. 
Assumptions
252
The main assumptions taken into account were the following: were excluded from the LCA study (i.e. considered to be outside of the system boundaries).
280
 The construction, operation and maintenance data (e.g. pieces of equipment of the plant, the entire life cycle of a product, process, or activity. 35 In this study, an attributional LCA was 289 used, which aims to describe the environmentally relevant physical flows to and from a life 290 cycle and its subsystems. were assessed with SimaPro 8.0.3.14.
323
Two impact assessment methods were used in this case study, namely IPCC 2013 version 324 1.00 and ReCiPe version 1.10. The first impact assessment method compares processes based 325 on CO2 emissions equivalent (CO2eq), by measuring the global warming potential (GWP).
326
The second assessment method comprises a broadest set of eighteen midpoint and three GHG emissions is presented in Figure 2 .
345
As shown in Figure 2 , the main contributor to the total environmental impacts of our process 346 was the energy consumption of the pumps and the air blower, which amounted for the 91.6% This is also an insignificant contribution to the overall daily CO2 emissions per person. The environmental impacts and damages of the process were estimated using the ReCiPe 402 V1.10 impact assessment method. Results were expressed both at mid-and endpoint level.
403
ReCiPe utilizes three different perspectives, namely individualist, hierarchist and egalitarian,
404
and in this case the default ReCiPe midpoint method was used, i.e. the hierarchist version.
405 Figure 3 shows the normalized midpoint impact categories of our system (European 406 normalization and average weighting set source but also as an energy source, in AOPs applications should be promoted.
539
Thus, the first alternative scenario (S1) that was examined was the substitution of the local 
546
According to the results of IPCC 2013 impact assessment method, huge savings on the total 547 GHG emissions of the system were observed in scenario S1. Specifically, if solar energy were 548 to be used to cover the energy demands of our system, then it would show that for the 549 treatment of 1 m 3 of urban wastewater, the GHG emissions will be 1.46 kg CO2eq/m 3 instead 550 of 8.66 kg CO2eq/m 3 when the plant operated using the local energy mix (i.e. 83% reduction); 551 minimizing thus significantly the toxic pollutants emitted to air and water. In this case, 552 electricity consumption accounted for 50.1%, the use of chemicals for 34.9% and the CPCs 553 for 7.51% of the total GHG emissions. As shown from the above percentage values, the role 554 of the use of chemicals was upgraded, in terms of its importance on the total airborne 555 emissions compared to the conventional scenario, as was expected, since the contribution of 556 the energy consumption was significantly reduced.
When the ReCiPe impact assessment method was used, the same pattern as when the IPPC 558 2013 method was applied was observed, since the total environmental footprint of the unit 559 was found to be 0.178 Pt (i.e. 78% reduction compared to the conventional scenario). In this 560 case, the electricity consumption accounted for the 51.3%, the use of chemicals for 29.6% 561 and the CPCs for 6.36% of the total environmental footprint of the plant; upgrading thus again 562 the role of chemicals in terms of their contribution to the total environmental footprint. At 563 midpoint level, the categories that were mainly affected by the operation of the unit were the 564 'marine ecotoxicity' and 'freshwater ecotoxicity', which were attributed to three main reasons:
565
(i) the indirect emissions associated with the manufacturing procedure of the PV panels (i.e.
566
heavy metals, SOx, NOx, particulate matter (PM), CO2, toxic gas and GHG emissions), (ii) 567 the high amounts of fossil fuels that were used during the manufacturing procedure of the PV,
568
and (iii) the use of chemicals and their waterborne emissions during the oxidation process.
569
However, it should be noted that these 'toxicity' impact categories exhibited a significantly 570 lower score compared to the conventional scenario. The damage category 'human health' was 571 mainly affected in this scenario (i.e. it was affected by the indirect emissions of the 572 manufacturing procedure of PV panels), followed by the 'resources' category (i.e. it was 573 mainly affected by raw materials and fossil fuel consumption for the PV production), while 574 the category 'ecosystems' was found to have the lowest contribution to the total environmental 575 footprint (i.e. it was mainly affected by heavy metal emissions). However, it should be noted 576 that these damage categories exhibited a significant lower score compared to the conventional 577 scenario, highlighting thus the enhancement of the environmental performance of this system 578 with the use of a renewable energy, as an energy source. Thus, the limitations in the use of chemicals resulted to the corresponding savings of NaOH
594
The environmental impacts of S3 were also simulated by the ReCiPe method, both at mid-
616
and endpoint level, which were found to be 0.133 Pt, significantly reduced, about 84%, 617 compared to the conventional scenario. Similarly to the alternative scenario S1, the midpoints 618 indicators that contributed the most to the total environmental impacts were 'freshwater 619 ecotoxicity' and 'marine ecotoxicity'. However, due to the restriction on the use of chemicals, 620 these impact categories exhibited a lower score than in the case of S1. Therefore, scenario S3 621 was found to be a feasible alternative that could boost the sustainability of this process and 622 enable its application at industrial level, where economies of scale exist. 
631
A comparison of the CO2 emissions of the system using the various energy mixes, as well as 632 using solar energy (Grid 5), which is a viable alternative in these areas, is shown in Figure 4 .
633
As noted above, when the unit operated with Grid 1, then its total GHG emissions were 8.66
634 kg CO2eq/m 3 , while when operating with Grid 5 a reduction of about 83% was achieved (i. more than 90% contribution in all the cases examined herein.
657
ReCiPe results, at mid-and endpoint level, are presented in Figure 5 . 
